The ability of gonococci to infect the subcutaneous chamber in guinea-pigs is strictly strain related. This ability was usually present in prototrophic strains and auxotrophs requiring proline only which were obtained from patients with uncomplicated gonorrhoea, but it was invariably absent in Neisseria gonorrhoeae auxotypes requiring arginine, uracil, and hypoxanthine, or arginine only for growth. All the strains obtained from disseminated gonococcal infections (all dependent upon arginine, uracil, and hypoxanthine) were unable to infect the guinea-pig chamber. Hence, the high invasiveness of N. gonorrhoeae for man and its infectivity for guinea-pig chambers appear to be unrelated properties. Although guinea-pigs of the same origin (Dunkin-Hartley) were used throughout, the degree of immune resistance was found to differ between the lines supplied by various breeders-that is, after a standard immunisation schedule using whole cell gonococcal vaccines, the homologous immune resistance to challenge varied from weak or non-existent in some lines, to highly resistant in others.
Introduction
The guinea-pig subcutaneous chamber model as pioneered by Arko (1972 Arko ( , 1973 , is gaining interest in gonococcal research. This is because the T1-T, colonial forms of gonococci can infect the chambers more easily than types T,-T, and are able to survive therein for longer periods of time, and because active (Arko, 1974) and passive (Arko, 1974; Scales and Kraus, 1974) immunisation can be used to protect against an infectious challenge. Using this technique, it has been possible to (i) demonstrate several immunotypes (Arko et al., 1976a) , (ii) show that pilar antibodies do not confer immunity to infection (Turner and Novotny, 1976) , and that experimental cross-protection is related to bactericidal antibodies (Wong et al., 1976) . Of greater significance is the finding that the increased immune resistance observed after the artificial infection or vaccination of chimpanzees broadly corresponds with results obtained in experiments with guinea pigs (Arko and Wong, 1977) , and it is obvious tha guinea-pigs are attractive for in vivo studies of gonococcal physiology (Veale et al., 1975; Arko et al., 1976b; Penn et al., 1976 Penn et al., , 1977a .
It is not known whether the guinea-pig model has a direct relationship with the immune state in man. There is a basic difference between the infectious process in man and in guinea-pigs. In the latter infectious units are not formed , and immunologically the guinea-pig recognises gonococci in a different way . Therefore, only exhaustive comparative studies would be able to show how knowledge obtained from a guinea-pig model would apply to the physiology and immunity of the gonococcal infection in man.
The guinea-pig model has been used extensively in this laboratory, and two qualities have become apparent. The first is related to the genotype of the second is related to the genotype of the guinea-pigstwo distinct lines were found, one of which, when immunised, showed a high immune resistance to infection, while the other was barely protected.
Methods

CULTURE MEDIUM
GC medium plates were prepared from GC medium base (Difco) enriched with glucose 22 ,umol/ml, L-glutamine 0-68 Amol/ml, Fe (NO3)3 0 -1 ,umol/ml, and cocarboxylase 4 35 x 10-4 ,umol/ml, all added as filter-sterilised solutions. The cultures were incubated at 37°C in jars containing 5 to 10% CO,.
GONOCOCCAL STRAINS
The same strains were used as in previous studies (Novotny et al., 1975a,b; Novotny and Turner, 1975; Turner and Novotny, 1976; Novotny et al., 1977) , all being obtained from the urethra and/or cervix of patients with gonorrhoea. The growth from primary cultures on GC medium or GC medium with VCN inhibitor (Baltimore Biological Laboratories) was washed off using a protective medium (Turner and Novotny, 1976) and stored in the gas phase of a liquid nitrogen refrigerator (LD40, Union Carbide Limited) as the primary master culture (PMC) . When the primary cultures were contaminated, the T1-T2 colonies of gonococci were subcultured once on GC plates and then washed off and stored &s the primary subculture (PS). To obtain seeds from frozen suspensions, the technique described by Bullen (1975) was used; using the serrated sampling tool a small amount of the suspension could be scraped from the frozen block, thus avoiding any thawing of the master suspensions. The cultures were identified by colonial morphology, oxidase, and fermentation tests (Kellogg and Turner, 1973) . The cultures mainly consisted of T1 or T, colonial forms. Where possible, subculturing, of T3 and T4 forms was avoided.
AIJXOTYPE DETERMINATIONS
These were made using the NEDA media and the technique described by Catlin (1973) and Carifo and Catlin (1973) . As after the recommended purification procedure, Difco Noble Agar was still inhibitory to some strains when used in the NEDA medium, 0 1 % mass/vol. of soluble starch (Analar, BDH) was incorporated into the agar base (Professor Catlin, personal 
IMPLANTATION OF THE CHAMBERS
The technique used was similar to that described previously (Turner and Novotny, 1976) with the following modifications. Twenty-four hours before surgery, the abdominal area of the guinea-pigs was clipped, and the guinea-pigs were supplied with drinking water containing 200 mg/litre of Terramycin soluble powder (Pfizer Limited, Sandwich); this represented about 20-50 Fg of oxytetracycline per gram of animal weight a day. The supply of antibiotic was discontinued two to three days after chamber implantation. Ten minutes before surgery, the animals were injected intraperitoneally with 0-8 ml/kg body weight of 1 % sodium thiopentone (Intraval Sodium, May and Baker, Dagenham) . In some of the guinea-pigs a short inhalation of ether anaesthetic vapour was necessary to deepen the narcosis. The skin was thoroughly disinfected with 5 % tincture of iodine and the narcotised animals were fixed within a sterile Mediplast sterilising bag (No. A-10, supplied by Henly's Medical Supplies, London N8) in which, using a sterile pair of scissors, a window of about 5 x 3 cm had been cut in the transparent side of the bag, just above the operating area. This produced a 'clean surgical site' which was shielded from the rest of the guinea-pig. Through this window, two paracentral ventral incisions, 2 cm long, were made and then, using artery forceps, two subcutaneous pockets were prepared, into each of which two chambers were implanted. The chambers were positioned wide apart under the skin, which was then sutured using surgical braided nylon (Finlayson's metric no. 5) and finally dressed using Nobecutane spray (BDH) . In this way each guineapig received four isolated chambers. The chambers were prepared from 2 ml polypropylene heat sealable ampoules (no. 508S, Sterilin Limited, Teddington, Middlesex), which had had the narrow necks cut off and the sides perforated with 12 holes (approximately 2 x 5 mm) using a grinding wheel. The total area of the holes (about one square centimetre) represented approximately one-tenth to one-twelfth of the total surface area of the ampoule. The chambers were sterilised in an autoclave (15 minutes at 120°C). The guinea-pigs were operated on in groups of five-usually 10 groups a day. Using this aseptic surgical technique, none of the implanted chambers became infected. If these precautions were neglected, this usually led to a high rate of chamber infection followed by subsequent rejection by some of the guinea-pigs.
INFECTION OF THE CHAMBERS
For this, cells harvested from the first subculture on GC plates were used. The plates were inoculated directly from the frozen PMC or PS and after 18-20 hours' incubation, colonies were resuspended in phosphate buffered saline (PBS) (0-123 mol/l NaCl, 0-01 mol/l Na2HPO4, 0 0032 mol/l KH2PO4; pH 7 2) so that the injected volume of 0O2 ml contained approximately 107 colony forming units (cfu). The densities were adjusted spectrophotometrically (Coleman Junior II, at 650 nm). Although the spectrophotometer readings had been calibrated for a number of strains, the actual number of cfu contained in the inoculum was found to be strain dependent and varied greatly (107 to 109). The actual number of cfu was therefore determined by plate counts in each case. The gonococcal suspensions were injected within 30 minutes of preparation, during which time no decrease in viable count was observed.
In several cases, the guinea-pig chambers were injected directly with pus from human males. Pus from the urethra was aspirated using a 1 ml syringe and immediately emulsified with an equal volume of VCN inhibitor, which had been diluted 1:50 in PBS. The mixtures, usually 0-1 to 0 2 ml in volume, were injected into the chambers after being left for 30 minutes at room temperature. Three to five days later, samples of the chamber contents were inoculated on to GC plates. About one-fifth of these samples rendered pure cultures of gonococci which were stored frozen as above. For vaccines prepared from gonococci grown in embryonated eggs (10 days, White Leghorn), a previously reported modification of the method of Gibbs and Roberts (1975) was used. The seed eggs were inoculated with gonococci harvested from the first to third subculture on GC plates, and the culture from this passage in eggs was used to inoculate the production batch of eggs. After five hours' incubation at 37°C on an orbital shaker (Kuhner, Basel, Switzerland, type RC5SP) the allantoic fluid was harvested, centrifuged for 10 minutes at 800 g to remove the embryonal cells, and the supernatant respun at 6000 g to recover the gonococci. These were resuspended in PBS to a density of about 108 cfu per ml and formolised (0-5% v/v, 37% formalin) overnight at 4°C. The formolised cell suspension after centrifugal washing was standardised as above.
COMPLEMENT TITRE DETERMINATION
The method of Mayer was used (Kabat and Mayer, 1961) .
Results
INFECTIVITY OF FRESH ISOLATES OF GONOCOCCI FOR SUBCUTANEOUS GUINEA-PIG CHAMBERS
In most of our experiments, the strains tested for their ability to infect guinea-pig chambers were used as a suspension of colonies from the first to third subculture on GC medium. This passage on artificial medium was not necessary, since in several cases it was possible, in the presence of VCN inhibitor, to infect the chamber directly with human pus.
Initially, it appeared that all of our strains were infective-that is, they were able to establish an infection of the chamber, which subsequently lasted for several weeks, from an injection of approximately 107 cfu from T1-T2 colonial forms. Later, the infection subsided spontaneously. Using fresh isolates the primary infection of the chambers did not usually last longer than two or three weeks. However, if the infected chamber contents were then transferred to a second guinea-pig chamber, or if the chamber liquid was cultured on GC plates and the colonies obtained by this single passage on artificial medium were used as a chamber inoculum, in most cases the infection of the chambers then lasted longer. With some strains-for example, Pat 1, StG 18, StG 4, StG 38-the infection lasted for six months or more (Turner and Novotny, 1976 ). It appears, therefore, that the survival period of gonococci in the guinea-pig chamber depends largely on selective conditions, passaged gonococci being eliminated from the chamber less readily than fresh isolates.
Eventually, we tried to test for passive protection in guinea-pigs using serum obtained from convalescents with disseminated gonococcal infection; experiments had shown that the serum, when administered intramuscularly, rapidly penetrated the chamber contents (Figure) . However that we were unable to infect the chambers using the strains obtained from these patients . All of these strains behaved as typical DGI (disseminated gonococcal infection) strains Schoolnik et al., 1976) -that is, they were highly sensitive to penicillin, resistant to the bactericidal effect of human sera, and they required arginine, uracil, and hypoxanthine for growth. Despite intensive efforts to infect the chambers with these strains, testing for passive protection using human sera proved impossible, since using animal immune sera this test was found to be strain specific (Scales and Kraus, 1974, and unpublished observations Catlin (1973) and Carifo and Catlin (1973) tThe non-infective strains were tested on at least four chambers, most on 8 to 24 chambers and strains StG 90 and StG 174C on 65 and 84 chambers, respectively $Disseminated gonococcal infection *The vaccine doses were applied intramuscularly at three-week intervals (when 2 or 3 doses were given) or one-week intervals in guinea-pigs receiving 7 doses. All guinea-pig chambers were challenged 10 days after the last vaccine injection tThe ratio represents the number of positive infections per number of chambers challenged a vaccine prepared from strain StG 76 grown in the allantoic fluid of embryonated eggs, conferred protection after one vaccine dose (about half the chambers being protected) followed by solid immunity after two doses (six out of six chambers being protected). However, the same strain. grown on GC plates did not confer protection even after two immunising doses of the vaccine, the cells having been subjected to a similar number of passages (Table 3) . It is evident, therefore, that the production of the protective antigen(s) necessary for the development of an immune resistance in guinea-pig chambers may be largely dependent upon cultural conditions and that in some strains, this protective antigen may be present at a rather low level. These tests were performed to investigate crossprotection between different strains. However, inconsistencies began to appear in our results, in that vaccines prepared from strains which had previously been found to be protective, failed to confer protection. It was originally supposed that cultural conditions were responsible. However, we later realised that these irreproducible results appeared when the Dunkin-Hartley guinea-pigs supplied by Charles River became temporarily unavailable, thus making it necessary to obtain guinea-pigs from other breeders. This can be seen by analysing the results of 1416 chambers, 686 of which were implanted into Charles River guineapigs, 342 into Olac or Redfern guinea-pigs, 300 into Porcellus guinea-pigs, and 88 into guinea-pigs of unknown origin. In the Olac and Redfern guineapigs, no homologous protection was conferred in 9300 of the tests. In guinea-pigs supplied by Porcellus, the immune resistance was variable, some of the batches being well protected, while other batches failed to show protection with vaccines which had previously been shown to be protective. Only guinea-pigs supplied by Charles River rendered reproducible results, a situation which was confirmed when these guinea-pigs once again became available. As can be seen from Table 2 , the protection is independent of both the number of immunising doses (2, 3, or 7) and the size of the challenge. On the other hand, in Olac and Redfern guinea-pigs the immune resistance where present is critically dependent upon the challenge dose (Table 3) . Only those chambers which received relatively small challenge doses (<103 cfu) appeared protected, whereas with higher challenge doses infection was established in many of the chambers. This remained the case even when the immunising dose was increased tenfold. Guinea-pigs A comparison of the agglutination titres of the sera between Charles River and Olac guinea-pigs showed that there was no difference in these two breeds (Table 4) . Although there were more nonresponders among the Olac guinea-pigs, the general trend of these guinea-pigs to form high agglutination titres is apparent. However, despite this fact, the agglutination titre was found to be unrelated to the protective activity, as similarly reported by Arko et al. (1976b) . Similarly, both groups of guinea-pigs showed high titres of antibodies reacting with free endotoxin particles and ring structures, both derived from the outer cell membrane, with particles derived from mesosome-like bodies and with pili, as determined by immune electron microscopy (Novotny and Turner, 1975; Novotny et al., 1977) . Titres of antipilar antibodies were especially high, often being detectable at dilutions of 1:10000 or more (unpublished observations). Both groups of guinea-pigs were similar in their complement titre which was between 180-240 C'H50 units per ml.
Discussion
Some gonococcal strains are fastidious in their growth requirements, and strains obtained from patients with generalised infection usually belong to this category. This has been described in Seattle (Knapp and Holmes, 1975; Holmes et al., 1976; Schoolnik, 1976) , and has led to the definition of a distinctive group of gonococci-the DGI strains-which are characterised by (1) their increased sensitivity to inhibitory factors in the culture media, (2) their low antibiotic resistance (especially to penicillin), (3) their resistance to the complement dependent bactericidal action of normal human sera, (4) their resistance or relative low sensitivity to the cidal effect of acute or convalescent sera, and, in most reported cases, (5) by their belonging to an auxotype requiring arginine, uracil, and hypoxanthine for growth. Although this relationship between the ability to produce the disseminated gonococcal infection and the markers mentioned is not absolute, there are a few exceptions. The determination of these properties appears to be important, since most of the highly invasive strains, and, probably, strains responsible for asymptomatic infections , belong to this category. Hence an important laboratory criterion has been proposed for distinguishing this most virulent (invasive) and, from an epidemiological point of view, very important group of gonococci.
Although strains of gonococci which are noninfective for guinea-pig chambers (Arko and Wong, 1977) or for chimpanzees are known, our study has shown that all of our auxotypes which require arginine, uracil and hypoxanthine for growth, including the DGI strains and a strain requiring arginine only were unable to infect guinea-pig chambers, whereas most prototrophic strains obtained from patients with uncomplicated gonorrhoea were infective. This property, therefore, could be added as another marker to differentiate between gonococcal strains. However, it also clearly shows that under laboratory conditions there is no direct relationship between the high virulence of gonococci for man and their infectivity for guinea-pig chambers. On the contrary, a strain which may be non-infective for the guineapig chamber, may have shown marked invasiveness for man. From this, it follows that the artificial increase in virulence of gonococcal isolates for the guinea-pig chamber (Arko et al., 1976b; Penn et al., 1977a) , although interesting from the point of view of experimental infection, may not be directly comparable with the natural condition in man.
The current data indicate that non-infectivity for the guinea-pig chamber cannot yet be regarded as an irrefutable indicator of DGI properties, since some prototrophic strains were also found to be non-infective. Although on rare occasions, prototrophic strains have been obtained from disseminated gonococcal infection (Knapp and Holmes, 1975) , as yet, no serious attempt has been made to distinguish them from the usual gonococcal strains using laboratory criteria. It also appears that although non-infectivity for the guinea-pig chamber is very often accompanied by specific growth requirements, these properties may occur independently. It should be possible to determine their relationship using genetic analysis. 
